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INTRODUCTION
The major function of the intestine is to digest food, assimilate nutrients and expel nondigestible residues. These functions are directly related to its motility which is responsible for the intestinal delivery and transport of digesta.
The fact that feeding affects gastrointestinal motility has been known since the last century when Beaumont (1833) described the changes in amplitude and frequency of gastric contractions associated with feeding. From 1940, improvements of our knowledge of mechanical events occurring in the digestive tract were associated with the development of manometric methods which permitted the recognition of the major patterns of gastrointestinal motility. However, r, a major step was linked to the use of electromyographic techniques, which have allowed a clear identification of the characteristics of the fasted pattern, ie the migrating motor (or myoelectric) complex (MMC) in dogs (Szurszewski, 1969) and in other animal species (Bu6no et al, 1975 ; Ruckebusch and Fioramonti, 1975) . Recently, it has been shown that the motor changes associated with feeding are related to the nature of food and caloric intake and that some peptides play a specific role in their genesis.
PATTERNS OF MOTILITY AND DIGESTIVE STATUS

Stomach
In many species, manometric recordings of antral motility during fasting or interdigestive periods exhibit a cyclic pattern of highamplitude contractions grouped in phases separated by periods of quiescence and appearing at 90-120 min intervals. The important property of the proximal stomach is receptive relaxation, mediated by inhibitory neurons in vagal nerves (Abrahamsson, 1973) , which enables it to accomodate food delivery by the cesophagus. The contractions of the corpus and the antrum are coordinated and a slow contraction of the corpus lasting approximately 30 s is associated with 3-5 more rapid contractions of the antrum (Gill et al, 1985) . After a meal, the digestive pattern is characterized by steady low-amplitude contractions (4-5 per min) in the gastric antrum with no significant motor activity in the gastric body.
A cyclic pattern of gastric motility has been found in the dog (Itoh et al, 1977) and in man (Rees etal, 1982) . In the rat and the rabbit (Deloof and Rousseau, 1985) there is no cyclic organization of the gastric motility, and feeding induces an increase of both the amplitude and frequency of the contractions.
Small intestine
The basic motor pattern of many animal species investigated consists of MMCs, first identified as &dquo;a caudad band of large-amplitude action potentials starting in the duodenum and traversing the small bowel&dquo; (Szurszewski, 1969) . Each MMC corresponds to 3 consecutive phases: phase 1 has little or no contractile activity (quiescent phase), phase 2 has intermittent and irregular contractions, while the contractions of phase 3 occur at their maximal rate, which is determined by the frequency of the slow waves. The duration of phase 3 activity is relatively constant, but that of other phases varies from cycle to cycle, depending on the flow of digesta . Depending on the animal species, the MMC cycle length varies between 60 and 120 min (Bueno and Ruckebusch, 1978) (Bueno et al, 1975; Code and Marlett, 1975 (Fioramonti, 1981) . ). The typical characteristic of colonic motility in man, not seen in animals, consists of a very low activity during the night (Frexinos et al, 1985) . After a 3 000-4 000 kJ meal the frequency of colonic contractions is increased for 2-3 h. Such an increase in colonic motility after a meal seems to be a common feature.
RELATIONSHIPS BETWEEN MOTILITY AND FLOW OF DIGESTA Stomach
In terms of transit of digesta, the 3 major functions of the stomach are the receipt of food, the storage of ingested food and the emptying of liquids and solids.
The entry of a large amount of food into the stomach leads to adaptive (or receptive) relaxation of the proximal part of the stomach acting as a reservoir (Jahnberg, 1977) . The rhythmic contractions of the distal stomach are thought to control the trituration and emptying of solids, whereas the tonic contractions of the proximal stomach govern the rate of emptying of liquids. The pylorus prevents duodenogastric reflux, but is also a true sphincter which controls the empyting of food from the stomach.
Small intestine
The greatest flow of digesta occurs during the postprandial disruption of the MMC pattern, but the role of MMCs in the propulsion of digesta is not negligible since, at least in dogs, gastric emptying in not terminated when the MMCs reappear on the jejunum (Banta et al, 1979) . However the propulsive role of each phase of the MMC still remains controversial depending on the experimental model: the maximal transit rate of a marker has been found associated with phase 3 using a jejunal isolated loop (Sarr et al, 1980) or with phase 2 when experiments were performed on an intact intestine in the same species.
Using an electromagnetic flowmeter to measure digesta flow continuously and electromyography to record intestinal motility, it has been observed in sheep that the majority of intestinal contents flowed intermittently for periods of 10-15 min at the same frequency as the MMC (fig 1 Two-thirds of this flow occurred in the 4-6 min immediately preceding the periods of phase 3 migration (Bueno et al, 1975 (Bueno et al, 1981) . ).
LARGE INTESTINE
The 2 kinds of colonic contractile activity have opposite effects on the propulsion of digesta. Phasic contractions ensure the mixing and the aboral progression of colonic contents while the tonic activity acts as a brake.
In dogs, the spontaneous fluctuations of the phasic activity are positively correlated with the spontaneous changes in the velocity of transit of a marker introduced in the proximal colon (Fioramonti etal, 1980) . Similarly in pigs, a low-residue diet induces a 3-fold increase in colonic mean retention time which was related to a decrease in phasic activity and an increase in tonic activity (fig 4) (Eeckhout et al, 1978) . Indeed significant increases in gastrin and insulin concentrations in blood induced by glucose ingestion or intravenous infusion are not associated with a disruption of the MMC pattern (Eeckhout et al, 1978) . Similarly the disruptive effect of insulin infusion on MMCs is abolished in pigs when a normal blood glucose level is maintained by a concomitant glucose infusion (Rayner et al, 1981 On the other hand, infusions of CCK or gastrin, or both, disrupt the duodenal MMC in dogs, but the cyclic peaks of motilin concentrations in blood persist, while in the same animals plasma motilin is reduced after a meal (Lee et al, 1980) . In both rats and humans, neurotensin infusion induces a pattern of intestinal contractions very similar to that observed after feeding and accelerates intestinal transit (AI Saffar and Rosell, 1981; Thor et al, 1982; Shaw and Buchanan, 1983) . In rats intestinal neurotensin exhibits circadian variations, with a maximum during the night which corresponds to a period of intense ingestive behaviour associated with the disruption of MMCs (Ferris et al, 1986) .
Regulation of the postprandial motility and transit by hormones is a very attractive hypothesis and hormones are undoubtedly involved in the disruption of the MMC, at least in the stomach, since feeding abolishes the MMC in an autotransplanted denervated fundic pouch . However, nervous factors are also of importance since vagotomy delays the onset of the fed pattern and reduces the intestinal transit. Furthermore, an experimentally induced increase in digesta flow lengthens the duration of phase 2 .
The motility of the colon is stimulated after feeding and intravenous infusion of postprandially released hormones, such as gastrin (Snape etal, 1978) , CCK (Renny et al, 1983) or neurotensin (Thor and Rosell, 1986) , stimulates colonic motility. However, no information is available to confirm a physiological role for these hormones in the control of the colonic motor response to eating for which a neural mechanism seems probable (Snape et al, 1979) , associated with the entry of digesta into the colon in dogs (Fioramonti and Bueno, 1983) .
Numerous findings indicate a link between the brain and the digestive tract in both physiological and pathological states. (Schick etal, 1987) and central administration of CCK induces a fed pattern in both rats and dogs (Karmeli et al, 1987) . More recently, it was shown in rats that the CCKA receptor antagonist devazepide injected bilaterally into the ventromedial nucleus of the hypothalamus (VMH) greatly reduces the duration of the postprandial pattern after a given meal, an effect not reproduced by similar administration into the lateral hypothalamus (Liberge etal, 1990) . In addition while CCK microinjected into the VMH mimics the increase in colonic motility observed after a meal, devazepide injected in the same brain nucleus just prior to feeding abolishes the colonic response to the meal in rats. This result supports the hypothesis that CCK released in the central nervous system (CNS) of rats mediates the motor adaptation of the small intestine and the proximal colon to the postprandial state (Liberge et al, 1991 ) .
At a peripheral level, the postprandial role of CCK in the control of the gastrointestinal motor pattern and intestinal transit may also be neuronal since CCK immunoreactivity has been demonstrated in axons and nerve cell bodies of the enteric nervous system (Larsson and Rehfeld, 1979) . Circulating CCK may alter the motor activity directly by binding to specific receptors located on the smooth-muscle cell membrane (Morgan et al, 1978 (Dimagno et al, 1979) . Similarly bile acids, trypsin and bicarbonate outputs are maximal during phase 3 activity (Keane et al, 1980) (fig 5) . However, the amount of pancreatic enzymes secreted during phase 3 activity was found to be 50% of that secreted during a similar time following ingestion of meal.
Intestinal absorption
Studies of absorption in animals prepared with isolated intestinal loops indicate that the rate of digesta passage affects the uptake of nutrients (Sarr et al, 1980) . In experiments with intact animals the maximal absorption of glucose occurs during the later stages of phase 2 activity of the MMC (fig 6) , when the rate of transit was fastest compared with other phases of the intestinal motor complex (Fioramonti and Bueno, 1983) . These relationships between intestinal motility and absorption have been indirectly confirmed by the presence of the highest values of potential difference across the mucosa during phase 3 activity in dogs as well as in humans (Read, 1980) . Moreover, mesenteric arterial blood flow, which controls passive paracellular absorption but also active transcellular transport through the oxygen supply, exhibits cyclic variations at the same frequency as recurrent MMC. Minimal blood flow occurs during the periods of intestinal motor quiescence (Fioramonti and Bueno, 1983) and maximal mesenteric blood flow is observed after a meal (Vatner et al, 1970) . Digestive hormones act on smooth muscles of both the arteries and the small intestine, but their effects can be similar or opposite. For example, gastrin and CCK increase and somatostatin decreases both blood flow and intestinal motility, while glucagon inhibits motility and increases blood flow (Fondacaro, 1984) .
CONCLUSIONS
This review evidences that the regulation of gastrointestinal and colonic transit depends upon motility patterns, which are under the control of both peripheral and central neurohormonal factors. These factors are released in relation to the nature of nutrients to adapt the gut to the digestive status. However, the transit of digesta is also governed by the physical nature of the contents and a close reciprocal influence exists between absorptive and propulsive process.
